Abstract. The droplet size distribution of agricultural sprays is a key parameter affecting the efficiency of crop protection product application. The spray quality results from the interactions between physical properties of the liquid, the operating conditions and the nozzle geometry. The present contribution is first step of a work which aims at optimizing the design of mirror nozzle geometry to increase the agricultural spray application efficiency. The optimization will be realized numerically using the multiphase solver InterFoam available in OpenFoam toolbox. For the present paper the quality of the InterFoam solver has been assessed by simulating the impact of a water round jet on a flat plate. The comparison of the numerical prediction with the analytical solution showed a good agreement far from the jet impact. The discrepancies observed could arise from the limitation of the analytical solution close to the jet impact. Then, the solver was used to investigate the sensitivity of a mirror nozzle flow to the inlet geometry and the inlet flow rate. The sensitivity study of the nozzle geometry and the inlet flow rate on the downstream flow allowed us to see a strong effect of both parameters. The flow rate increase lead to a more homogeneous flow for most of the cases. The inlet shape affects significantly the downstream flow. The 140° circular segment inlet seems suitable for our objective of generating a homogeneous flow on the nozzle plate.
Introduction
Nowadays, the use of plant protection products is required to satisfy the demand for agricultural products. During this process the agricultural mixture is atomized by passing through a nozzle generating a cloud of droplets. It has been proved that droplet size has a significant effect on the global deposition process efficiency [12] . Indeed, smaller droplets have a higher drift potential [9] leading to potential product losses in air, water and soil [10] . Whilst, larger droplets, with a higher kinematic energy, are more prone to splash while impacting the target and then may reduce the plant retention efficiency [6] .
The droplet sizes and speeds constitutive of a spray result from the interactions between physical properties of the liquid, the operating conditions and the nozzle geometry [7] . During the past decades, multiple researches have been performed on the effect of the liquid physical properties [2] [3] [5] as well as the nozzle type [8] . However, to our knowledge, few specific works focused on the relationship between nozzle geometry parameters and the produced spray. The numerical studies realized on black liquor nozzles provided promising results for nozzle design [4] .
The present contribution is the first step of a work which aims at optimizing the design of a mirror nozzle producing a spray with a narrow drop size distribution in order to increase the agricultural spray application efficiency. Mirror nozzles, which generate sprays by the impact of a liquid jet onto a solid surface, offer a low sensibility to clogging and a high customization potential. The optimization will be realized numerically using the open source toolbox of Computational Fluid Dynamics (CFD), OpenFoam. This paper is split in two parts. The first part is dedicated to the verification of the OpenFoam multiphase solver with an analytically solved flow. The second part presents a study of the pipe shape and the inlet flow rate effects on the downstream flow. Emphasis is put on the flow homogeneity at the nozzle exit which is prerequisite for the later work.
Numerical model
The InterFoam solver from the OpenFoam C++ toolbox has been used which is a Volume Of Fluid (VOF) solver for incompressible two-phase flow. The VOF method is used to track and locate the liquid-air interface. It requires an Eulerian grid and the use of an additional variable, α. This extra variable defines the liquid fraction inside each cell; its value is equal to 1 for cell full of water, 0 for the cell fill by air and ranging between 0 and 1 while the cell is located at the interface ( Figure 1) . Then, the interface location is retrieved based on the liquid fraction distribution. This implicit interface capturing method is less accurate than explicit method as level-set but it has the advantage to be mass conservative [1] . Here, all the cases are considered in a laminar mode. Therefore, no extra turbulence model has been used. The main equations solved are detailed below, more details about this solver can be found in the paper of Deshpande et al. [1] .
The mass conservation for incompressible flow is given by
where U is the velocity [m/s]. The liquid fraction transport equation reads
where α is the liquid fraction and the momentum conservation equation reads The density and the viscosity are computed by weighting the two fluid properties by the liquid fraction as follows
Test case Flow description
The studied case is the flow created by the impact of a round water jet onto an infinite smooth solid surface ( Figure 2 ). This two-phase flow is close to the mirror nozzle flow. The analysis of this flow by means of boundary-layer theory provides an analytical solution for the free surface height and velocity depending on the jet center distance [11] . For the present contribution, the initial jet velocity and the jet radius are fixed at 3 m/s and 0.4 mm respectively. The jet Reynolds number is computed as follows
where Q is the volumetric flow rate [m³/s] and ν is the kinematic viscosity [m²/s]. This number is therefore ranging around 1200.
= (7)

Numerical parameters
This axisymmetric flow is simulated in OpenFOAM using a wedge shaped mesh. The domain dimensions and the associated boundary conditions are detailed in Figure 3 .
Boundary conditions:
Inlet: fixed velocity: U = (0, -3, 0) and fixed liquid fraction: α=1.
Walls: no slip condition.
Outlet: fixed pressure: p = p atm Wedge: OpenFoam boundary conditions for the front and back plan of an axisymmetric mesh. The mesh generated by the blockMesh utility of OpenFoam is made of hexahedral cells, apart from the cells close to the axis of symmetry which are prismatic, of uniform size. Three mesh refinements have been tested, characteristics of which are presented in Table 1 . The grid spacing has been set finer for the y direction which presents higher velocity gradient due to boundary layer development. The simulations have been performed on a desktop computer 
Comparison of the numerical and the analytical solutions
The surface velocity and liquid thickness with respect to the radial distance to the jet center are presented on the Figure 4 and 5 respectively. The liquid sheet thickness has been computed as the height at which the liquid fraction is equal to 0.5. The numerical predictions are in good agreement with the analytical solution for both the height and the surface velocity far from the jet center. However, there are discrepancies between the numerical and the analytical solution for the surface speed prediction close to the jet impact area. These differences could arise from the limitation of the Watson's solution close to the jet impact, where the boundary layer theory cannot be directly applied. A second explanation may be that the too coarse meshes can't resolve correctly the flow in this area where the velocity gradients. However this difference doesn't affect the speed and height prediction further from the jet impact area for the normal and fine mesh cases. The coarse case taking in account its low computational cost provides satisfactory results. 
Mirror nozzle Geometry description
The goal of the mirror nozzle design is to obtain at the end of the plate a homogeneous liquid sheet making an angle of ~140°. This nozzle is composed by a pipe ending perpendicularly on a flat plate. Over 140°, there is a gap of 0.3 mm between the plate and the pipe. This opening guides the flow parallel to the plate. The pipe is a circular segment with an opening of 140° or 180° for the geometry 1 or 2 respectively. For both geometries, three flow rates are tested: 0.5, 1 and 2 liter per minute (Table 2) . 
Numerical simulations
The Figure 6 presents the numerical domain for the geometry 1 with the boundary conditions used for all the simulations. All the simulations were ran as unsteady with the InterFoam solver. At the beginning of the simulations, the flow presents a transient phase during which the plate is progressively wet. The duration of this phase range from 10-40 ms according to the initial flow rate in the pipe (Figure 7 ). This phase is followed by an almost steady phase. The results presented below (Table 3) are the time average of the numerical solution during the steady phase. The Table 3 presents the spatial distribution of the normalized water flow rate in the radial direction. The flow is normalized at each position by the inlet flow and the distance from the inlet center. Therefore, for an ideal case the flow rate would be 1 between 0 and 70°. For all the cases, the water flows radially in respect with the inlet. This behavior validates the choice of mirror nozzle to generate a homogeneous radial flow. The 140° geometry presents a more homogenous flow rate distribution than the 180° geometry for the 1 and 2 l/min cases. The increase of flow rate produces antagonist effects for each geometry. The 140° case, the flow is becoming more homogeneous leading to an increasing of the flow angle. The 180° case, from 1 to 2 l/min the flow becomes less homogeneous inducing a decrease of the flow angle. a) b) 
Conclusion
The InterFoam solver assessment with an analytical provides satisfactory results. The predictions of both liquid sheet height and interface velocity were in good agreement with the analytical solution for the region far from the jet impact. The discrepancies observed in the region close to the impact could arise from the limitation of the analytical solution close to the jet impact. The sensitivity study of the nozzle geometry and the inlet flow rate on the downstream flow allowed us to see a strong effect of both parameters. The flow rate increase lead to a more homogeneous flow for most of the cases. The inlet shape affects significantly the downstream flow. The 140° circular segment inlet seems suitable for our objective of generating a homogeneous flow on the nozzle plate.
Further works will focus on the experimental validation of the numerical simulations by measurements of liquid sheet and velocity.
